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Quality management in heavy duty manufacturing industry:  
TQM vs. Six Sigma 
 
Abstract 
‘Is TQM a management fad?’ This question has been extensively documented in the quality 
management literature; and will be tackled in this research though a critical literature review on 
the area. ‘TQM versus Six-Sigma’ debate, which has also been a fundamental challenge in this 
research filed, is addressed by a thematic and chronological review on the peer papers. 
To evaluate this challenge in practice, a primary research in heavy duty machinery production 
industry have been conducted using a case-study on, J C Bamford Excavators Ltd (JCB), the 
largest European construction machinery producer. The result highlights that TQM is a natural 
foundation to build up Six-Sigma upon; and not surprisingly the quality yield in a TQM approach 
complemented by Six-sigma is far higher and more stable than when TQM with no Six-Sigma 
focus is being put in place; thus presenting the overall finding that TQM and Six Sigma are 
compliments, not substitutes. The study will be concluded with an overview on quality 
management approaches in the heavy duty manufacturing industry to highlight the way forward 
for the industry. 
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The battle between TQM and Six Sigma 
Manufacturing industries are the wealth-producing sectors of the economy (Freidman, 2002), 
with service industries being seen as wealth-consuming sectors. Manufacturing industry is the 
second largest sector within the European Union and around 1 in 10 of all enterprises in the EU-
27’s non-financial business economy are classified as manufacturers, contributing to 22.6% of 
employment rates and 26.8% of non-financial business economy value added (Eurostat, 2013); 
thus highlighting the importance of manufacturing industries. Furthermore, manufacturing 
industry in the UK, although has underperformed service industry, employed around 2.5 million 
people in in the country and was accountable to 10% (£139 Billion) of national economic output 
in 2012 (Rhodes, 2014). More specifically, 3.38% of the UK manufacturing national economic 
output is comprised from the heavy duty machinery production; worth just over £4.7 billion in 
2009 (JCB, 2009). This sector will be studied in this paper as the target industry. 
Due to the swelling levels of competition in the manufacturing industry, high levels of quality, 
continuous improvement and cost reduction are the fundamental factors in enabling 
organisations to gain a world-wide market edge and thus meeting customers’ needs more 
effectively (Tennant, 2001). Furthermore, it has been stated that the management of quality holds 
equal importance to the quality of management (Evans and Lindsay, 2002). With this being said, 
despite a previous limit of Quality Management approaches, over the past fifty years a plethora 
of quality improvement initiatives have been produced and amassed. 
 
TQM: Is it still alive? 
In recent decades, there had been extensive documentation of quality management practises, 
often resulting in concepts being misunderstood; causing many to be termed the latest 
“management fad” (Dahlgaard and Dahlgaard-Park, 2006. p. 263). Upon review of literature, 
TQM appears to be one of the most deliberated management fads over recent decades. Beginning 
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in the mid-1990’s, articles have appeared that have “touted the demise and death of Total Quality 
Management”, questioning the credibility and value of the management approach (Green, 2006. 
pp. 1281-1282). Reflecting upon the failures of organisations endeavouring to apply the TQM 
approach (Mann, 2008), it was anticipated that TQM’s fate would emulate the “dinosaur-like 
extinction” of the old management by objectives (Albrecht, 1992. p. 271); which was once 
anticipated to transform the world of business during the peak of its success (Dahlgaard-Park, 
2011). The discussion surrounding the “fall” of TQM (Douglas, 2006), and the need to “give 
TQM a decent burial” (Albrecht, 1992. p. 272), has not been constrained to academics; the media 
and businesses have progressively joined the surge of criticism (Yong and Wilkinson, 1999. p. 
138) most notably Byrne (1997), who declared that TQM is “as dead as a pet rock”. More recent 
studies also indicate that TQM restrains ability to innovate and flexibility of the companies to 
change especially in uncertain and fast moving industries (Steiber and Alänge, 2012; Cole and 
Matsumiya, 2008), which suggest TQM can be a management fad. 
However, one way to measure whether TQM has followed the fad behaviour is to observe the 
number of seminar and conferences on the topic (Dahlgaard-Park, 2011) as well as the number 
of academic publications (Naslund, 2008). Figure 1 has been produced to demonstrate the 
number of TQM publications over the last two decades; searching three main journal databases 
(ScienceDirect, Emerald and ABI/INFORM (ProQuest)) for papers with TQM in the tiles from 
1990. 
 
Figure 1 – Frequency of TQM publications from 1990.  
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Data shown by Figure 1 corresponds with results highlighted by Naslund (2008.p.276); TQM 
experienced enormous popularity in the mid-1990’s. Despite this early popularity, reports 
presenting a lack of results, problems with implementation, and TQM failure, started to appear 
later; thus leading to a significant drop in the number of published TQM articles (Naslund, 2008. 
p. 276). 
Furthermore, literature has highlighted one of TQM’s shortfalls being the inability to remove 
recognised root causes, thus causing organisations to revert back to their original performance 
due improvement gains being lost over time (Black and Revere, 2006). In addition, Dahlgaard-
Park (2011) identified that negative criticism of TQM comes in two forms: the lack of consensus 
about the true definition of TQM, and the way in which some organisations have failed to 
implement the approach correctly. Lau and Anderson (1998) presented that the July 1995 
‘Quality Progress’ magazine contained thirteen articles on TQM; with twelve different 
definitions of TQM given amongst them. Amongst other things, TQM has been defined as, “…a 
culture…” (Dahlgaard et al., 1998), “…a philosophy…” (Oakland, 1993), “…an approach…” 
(Dale, 1999) and “an Strategy” (Bohan, 1998. pp. 13-14). It can be said, therefore, that is a result 
of the lack of clarity that correct and full implementation of TQM has failed; TQM supporters 
will have had little direction of what to target and apply (Bergquist et al., 2005). These different 
definitions, however, then were categorised into two main types, by Mann (2008): 1- Definitions 
that takes ultimate goals of a system to describe TQM; 2- Definitions that explain the activities 
and functions to be addressed to target the system’s goals.  
According to research, various academics have undertaken studies, concluding that TQM has 
failed to bring about financial improvements within organisations. The finding most cited in 
Quality Management commentaries - the damaging survey carried out by Kearney (1992) - 
concluded that around 80% of TQM initiatives have failed; with the reason for the failure being 
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the gap between what practitioners advocated and what was realistically being implemented 
(Kolesar, 1995). Green (2006, p. 1282) supports this view, stating that TQM is an “elusive goal” 
leading to idealistic organisational expectations and the desire for instant results. Professor 
Neogy (in Antony, 2007), believes that the reason for the failure of TQM is not because of its 
philosophy, but due to the lack of a framework for correct application. Therefore, in order to 
adopt TQM, it was necessary for organisations to hold a deeper understanding of what it was 
about (Green, 2012; Dahlgaard-Park, 2011); generally leading to many organisations turning 
their back on TQM (Douglas, 2006). 
Despite reports of TQM being a concept that is hard to understand and difficult to implement, 
Bergquist et al. (2005) believe that TQM still generates benefits if used properly, and is 
apparently flourishing in organisations as evident by the number of international and national 
quality award winners (Van Der Wiele et al., 2002). Whilst there are many reports declaring the 
death of TQM, there are also studies that reinforce the merits of employing TQM as a powerful 
quality roadmap, and highlight the many benefits and values of such a management approach 
(Sanchez and Blanco, 2013; Yong and Wilkinson, 1999). Bergquist et al. (2005) go further to 
argue that critics will always find dissatisfied organisations, and will therefore continue to 
produce harmful academic articles. 
In response to such criticisms against TQM, various researchers have presented that, in reality, 
organisations with a successful TQM implementation outperform other organisations financially 
(Andersson et al., 2006). This is supported by a study of 60 companies that had practiced TQM 
for a period of at least five years, and due to this long-term commitment they managed to see an 
improved profit margin (Lemak and Reed, 1997). Similarly, a survey of 350 HR managers, 
performed by the Institute of Personnel Management (1993), found that 76% of organisations 
had experience with Quality Management; 65% of which rated TQM as “successful”, with a 
mere 5% reporting their initiatives were “unsuccessful” (Yong and Wilkinson, 1999. p. 138). In 
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addition, an example of where TQM has brought about substantial improvements and is 
considered a success is AT&T Transmission Systems Business Unit (Evans and Lindsay, 2002. 
p. 50); within six years of implementation, the same period that five major competitors 
experienced financial loses, the unit achieved a 10-fold improvement in equipment product 
quality and $400million in cost improvements. These success stories support that TQM is no 
“quick fix” that success and financial gains are delivered only in the long term (Dahlgaard and 
Dahlgaard-Park, 2006, p. 272).  
The main concern is that the majority of reports portray an unfair indication of what TQM can 
potentially achieve; due to many organisations having advocated partial and ad-hoc TQM efforts, 
which are far from the full TQM (Yong and Wilkinson, 1999). Despite research suggesting that 
TQM has been tried and found inadequate, Evans (1995, p. 5) argues that in reality it has “been 
tried and found difficult, or tried, yet misunderstood”. Therefore, although it is argued that TQM 
is not a management fad (Douglas, 2006), the success of TQM does depend on several factors, 
such as: the organisational culture of the firm that applies TQM concepts (Green, 2012); sector 
and size of the firm (García-Bernal and García-Casarejos, 2012); how they define TQM in their 
organisations (Bergquist et al., 2005); how management teams are committed to TQM as a log-
term quality approach (Talib et al., 2012) and how they sustain this system in their firms 
(Gimenez-Espin, et al., 2013). In other words, TQM is not an exact formula and one size 
definitely does not fit all. Nevertheless, TQM is flexible in its ability to fit particular 
organisations (Ehigie and McAndrew, 2005). After all: 
“TQM is a philosophy, not a science. Philosophies are seldom suddenly born, and they almost 
never die; they simply get improved upon” Paton (1994, p.3). 
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Six Sigma: A replacement for TQM? 
Upon review of the surrounding literature, it is evident to see that other Quality Management 
concepts, such as Six Sigma, have grown in popularity (Karthi et al. 2012; Mossa and Sajid, 
2010). Over recent years, Six Sigma has been one of the few technically oriented initiatives to 
generate interest from business leaders, the financial community, and the popular media (Hoerl, 
2001); with many organisations having moved their practices and strategies towards such an 
approach (Andersson et al., 2006). The significant success of Six Sigma success can be traced to 
Motorola, where between 1987 and 1997, the organisation accomplished a “fivefold growth in 
sales with profits climbing nearly 20 per cent per year”, (Klefsjö et al., 2001. p. 32). Similarly, 
Six Sigma’s positive financial impact has been displayed through Volvo Cars in Sweden, who 
claim that between 2000 and 2002, Six Sigma enabled a bottom-line contribution of over €55 
million (Andersson et al., 2006). 
Furthermore, it is claimed that Six Sigma overcomes the shortages that were evident within TQM, 
including the failure to break down internal barriers and unclear quality (Pande et al., 2000). This 
approach represents a new collective and multidimensional approach to quality (Harry, 2000), 
which has showed a much better record of effectiveness than TQM (Antony, 2004: Cheng, 2008); 
thus suggesting Six Sigma is a “replacement for Total Quality Management” (Green, 2006. p. 
1283).  
In the current situation of high global competition and a climate of cost reductions, Six Sigma 
achieves significantly more on areas (Grima et al., 2013), “where some existing TQM efforts 
have lost focus” (McAdam et al., 2005. p. 168). Andersson et al. (2006, p. 291) believe this is 
because “six sigma programmes talk the top managers’ language”, which is “the financial gains 
of the improvement”. It is also claimed that six sigma can bring competitive advantage to the 
organisations which manage it well (De Mast, 2006). 
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Six Sigma’s rise in popularity is also evident through the increased frequency of academic 
publications, as shown by Aboelmaged (2010), who reviewed the distribution of 417 Six Sigma 
articles over the period from 1992-2008. Using the same method as for Figure 1, research by 
Aboelmaged (2010) has been updated and the academic publications frequency on the Six Sigma 
topic has been summarised in Figure 2. Despite the apparent limited academic publications 
before 2000, literature on Six Sigma flourished between 2000 and 2005, with the frequency of 
journal articles significantly increasing over this period. Although the “blooming years for Six 
Sigma” were followed by a slight decline in mid of last decade, the escalation in growth of Six 
Sigma articles was significant thereafter (Aboelmaged, 2010. p. 271). 
 
Figure 2 – Frequency of Six Sigma publications from 1990.  
 
In addition, it is believed that Six Sigma has risen from the ashes of TQM and its shortages by 
introducing new concepts and approaches (Black and Revere, 2006); with literature suggesting 
that Six Sigma application of root-cause techniques discovers variability, and ensures a more 
thorough search than any other previous quality improvement. Perhaps due to Six Sigma being 
data-driven, using measurements to analyse problems and thereby improve the process or 
outcome, and enabling organisations to position their quality improvement effort in comparison 
to others (Grima et al., 2013); all of which can be compared to TQM, which has no way to 
measure quality (Black and Revere, 2006). In summary, it is argued that Six Sigma projects are 
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closely tied to business goals and objectives that are usually based around satisfying customer 
needs (Ingle and Roe, 2001). 
Despite an obvious lack of criticism against Six Sigma except some methodology difficulties 
and implementation issues (Grima et al., 2013), some academics claim that it is merely an add-
on project management tool (Nonthaleerak and Hendry, 2008), and a repacked version of TQM 
which has simply added and retracted a few components and been flogged under a different name 
(Bergquist et al., 2005). Additionally, some researchers question Six Sigma’s originality, 
claiming that it has been around for many years in the form of problem solving, team building, 
and SPC, and that there is nothing new about it (Reed, 2000). The originality should, however, 
be appreciated in the form of its enhanced operational methods, tools and techniques, such as 
developments in statistical and operational methods of data analysis (Goh and Xie, 2003: 
McAdam et al., 2005). 
Further description of Six Sigma states that it is merely, “old wine in a new bottle”; for the reason 
that most of the tools incorporated within it are several decades old (Thawani, 2004). 
Furthermore, academics state that the Six Sigma programme should not be considered as a 
replacement for TQM, for the reason that it is not as triumphant in improving customer 
satisfaction as the programme focusses primarily on financial savings (Andersson et al., 2006). 
Literature by Klefsjö, et al. (2001, p. 34) suggests that Six Sigma should be positioned in the 
larger context; simply as a methodology within the framework of TQM.  
 
Six Sigma or TQM?  
Various debates surround the issue of which ‘roadmap’ is best to follow when wanting to achieve 
world-class quality; with Dahlgaard and Dahlgaard-Park (2006) stating that alternative roadmaps 
to TQM are very hazardous to embark on without the correct company culture. Organisations 
require understanding that simple roadmaps like Six Sigma, will never work without a cultural 
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background or the core principles of TQM. Subsequently, Six Sigma should only be looked upon 
as a new ‘roadmap’ to follow, once TQM has already been successfully implemented, or once 
the organisation is in the process of implementing it (Dahlgaard and Dahlgaard-Park, 2006). On 
the other hand, TQM is reported to be a roadblock when implementing Six Sigma due to the time 
and capital investments of establishing and supporting such a programme only to start a fresh 
with an alternative programme (Revere and Black, 2003). Fortunately, organisations can 
integrate many Six Sigma models and concepts with existing TQM efforts, thus enabling a 
smooth adoption of Six Sigma, which is vital to the successful implementation of a quality 
management system (Cheng, 2008). 
Conversely, Six Sigma is believed to be important to the success of TQM as it supports all six 
of the values within TQM, and illustrates a dynamic management system (Klefsjö et al., 2001). 
Lucas (2002) also supports this by saying that Six Sigma reinforces TQM efforts through a 
strategic approach. With both concepts sharing the same aim: waste and resource reduction 
resulting in improved customer satisfaction and financial results (Andersson et al., 2006). 
Further research demonstrates that TQM’s integration with Six Sigma metrics provides a 
measure of comparability used to aid quality improvement (Revere and Black, 2003). A survey 
by Cheng (2009) presented that 11 companies were shown to be effective in implementing Six 
Sigma through analysis of SPSS. This survey highlighted the possibility for companies to 
implement Six Sigma under the framework of TQM activities. In addition, research suggests that 
most of the organisations claiming Six Sigma success, such as Motorola and GE, also have well 
established TQM programmes in place (McAdam et al., 2005). Kinpo Electronics (KE) has 
achieved continuous improvement and competitive advantage via the combination of TQM 
activities and the Six Sigma approach (Cheng, 2008. p. 193-194); stating that KE’s addition of 
Six Sigma to its business system, gave the organisation almost all of the elements of TQM - “the 
current business system + Six Sigma = TQM”. Based on this formula, it is therefore believed 
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that in modern industry, TQM remains firmly in the position of the overall quality programme 
(Cheng, 2008). 
 
Figure 3 – Comparison between publications frequency on Six Sigma and TQM  from 1990.  
 
Figure 3, a combination of Figure 1 and 2, presents the comparison between TQM and Six Sigma 
publication frequencies. This figure illustrates that, despite a boost in Six Sigma popularity after 
2000, the number of TQM publications remained fairly stable in this period; which itself 
highlights a firm and consistent attention of both academia and world of practice to TQM, while 
Six Sigma was on the grill! 
In terms of the system, Johansson et al. (2012) in an empirical study of 138 Swedish firms 
showed that organisations often build up a tailored quality profile, which they retain and build 
up upon it over time. Similarly, TQM’s improvement activities, such as QCC, QIT, QA and the 
ISO system, all represent TQM’s basic mechanisms that must be secured and cannot be 
abandoned when implementing Six Sigma (Cheng, 2008). In summary, implementation of Six 
Sigma via TQM activities requires two shifts: moving from TQM’s quality index to reduce the 
system’s defect rate and to align with Six Sigma’s financial focus; and moving from PDCA to 
DMAIC and from inter-organisation activities to cross functional teams (Cheng, 2008). Klefsjö 
et al. (2006, p. 175) conclude:  
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‘‘Feel free to use Six Sigma, but do try to integrate it with TQM, or else you may end up 
with too thin a soup that may separate and come apart’’ 
 
Results 
One of the world biggest heavy duty manufacturers (HDMs) of construction equipment is J C 
Bamford Excavators Ltd (JCB), shoulder to shoulder to  the other four world class manufacturers, 
Caterpillar, Volvo, Kubota and Hitachi (JCB, 2009). JCB is located on four different continents, 
with manufacturing sites in the UK, Brazil, China, Germany, India and USA. JCB’s product 
range of over 300 types is distributed to over 150 countries all over the world (JCB, 2009). 
Having both TQM and Six Sigma experience in the production of their machines and engines, 
respectively, JCB was chosen to be studied in this research.  
This research focusses upon results from two assembly lines; JCB Compact Products’ small 
machine production, and JCB Power Systems’ engine production. JCB’s Compact Products plant 
has traditionally implemented TQM as a base, in combination with their in-house ‘JCB 
Production System’. In comparison, the JCB Power Systems plant has put Six Sigma in action 
on the existing foundations of the TQM approach. 
Upon direct comparison of the percentage of fault free products at both TQM and Six Sigma 
production lines, results show that the Six Sigma-TQM approach has impressively achieved 6 
times less quality variation. However, the results do not represent the end product quality stage 
due to the confidentiality agreement with the company. This study also shows Six Sigma built 
upon TQM foundation achieves faster, better and more consistent results than TQM alone. 
Additional comments from the Quality Manager at JCB’s Power Systems plant recognise the 
importance of TQM; “Really, TQM is the base with Six Sigma adding value where applicable”, 
which highlights that Six Sigma’s successful implementation depends upon TQM’s valuable 
framework.  
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Nevertheless, these results do not discount TQM’s success, as the quality manager at JCB’s 
Compact Products believes that, since the implementation of TQM, “the improvement trend has 
been dramatic at Compact products since 2007”; thus indicating that TQM has not become a 
management fad and is still alive and well in practice. 
This study has also highlighted that, in HDM, operations and quality management are 
traditionally benchmarked from the automotive industry and often incorporated into company 
production systems. This is supported by the quality managers at both JCB plants who state: 
 
“JCB does benchmark against other organisations, mainly automotive OEM’s such as Jaguar, 
Land Rover and Toyota. They actively seek out professionals from these organisations to bring 
the knowledge into the company; this is how the TQM approach started and the JCB 
production system” 
 
“JCB aren’t keen on implementing quality initiatives; instead they try to incorporate them into 
the JCB Production System, as a method of avoiding the management fads that occur every few 
years. Even though Six Sigma is implemented; it isn’t implemented fully… they do have 
employees who have the same skills; they just don’t go by the same name” 
 
Despite the use of automotive benchmarks in HDM, it is fair to state that there are obvious 
differences between the two; with the niche HDM comprising of less standardised and smaller 
scales of production with higher variety of the products. Therefore this study also looks further 
at what quality management approach other HDMs are using. 
In 2001, after periods of stagnant growth, Caterpillar combined Six Sigma with their existing 
lean approach to create phenomenal results; securing a 50% reduction in lead times and an 80% 
growth in revenues by 2005 (Byrne, Lubowe and Blitz, 2007). According to Dave Burritt, 
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Caterpillars VP and CEO, “6 Sigma has been applied to increase our percent of industry in all of 
our principal lines of business… Without question, we are in the best of times at Caterpillar, and 
the improvements would have been much less without 6 Sigma” (Byrne, Lubowe and Blitz, 
2007). Furthermore, it is important to note that Caterpillar launched this quality management 
initiative long before the term ‘Lean Six Sigma’ was commonly used. 
Volvo, one of the other players in HDM, has also converged several quality management 
paradigms with TQM and the Toyota Production System (TPS) since 1999 (Muffatto, 1999). 
Their adaptation of lean six-sigma has proven to be a success, with Six Sigma contributing over 
€55 million to their bottom line between 2000 and 2002 (Andersson et al., 2006); with these 
results owing to the stable foundations of such paradigms as TQM (Berg and Ohlsson, 2005). 
Hitachi, another main competitor of JCB, experienced a 20% increase in its sales of one of its 
niche markets, post-adaptation of the Theory of Constraints (TOC), another operations 
management concepts, in the early 2000’s (Goldratt, 2009). Therefore, TOC can also be extended 
to the HDM market upon its immense result in Hitachi, only if, as Naor et al. (2013) explain, it 
gets senior managements’ support to become a formal operations management approach and 
continuous improvement philosophy.  
This review of the quality management approaches in HDMs highlights that JCB, despite their 
much improved levels of quality upon adapting TQM and then six sigma, still needs to be fully 
aware of long road of competition ahead in managing its quality and operations. 
 
Conclusion 
To sum up, although this study established that implementing TQM in HDM manufacturing has 
generally been successful, the extent to which TQM may continue to improve quality in this area 
of practice can be questioned. It is mainly due to the relatively large operations performance 
variances that this approach may tolerate, comparing to other quality approaches, which indicate 
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that TQM may lose focus in time; thus supporting the claim by McAdam et al. (2005). Despite 
this drawback, TQM should not be treated as a management fad, due to the evidence of its success 
in systematic and continuous quality improvement, as argued with the case of JCB in this 
research. 
Six sigma was also found as another successful quality management approach in HDMs showing 
a faster and better records of effectiveness at improving quality when it is built on the foundation 
of TQM, as shown in the case of JCB in this research.  
Finally other operations improvement philosophies such as Theory of Constraints has recently 
emerged in HDM industry and proved to be highly effective and successful, which shows further 
potentials for future. 
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